Introduction
Ionic liquids (ILs) are organic salts with melting point below 100
C. Compared with traditional molecular solvents, ILs can be regarded as green solvents due to their low vapor pressure, good thermal stability and large liquidus temperature range. Also the physicochemical properties of ILs could be ne-tuned by altering the component ions or modifying the substituent group on the ions, and thus, ILs are also considered as designer solvents. As media, ILs could dissolve many inorganic compounds, organic compounds and polymers; e.g., some imidazolium-based ILs containing Cl À and OAc À anions are proved to be good solvents for sugar. 1, 2 In addition, some ILs have been demonstrated to be catalytically active for some chemical reactions via specic solvent-solute interactions.
3-5
The physicochemical property of a two-ion IL could also be tuned via its mixing with molecular solvent or another two-ion IL.
6-10 The so-called 'Double Salt Ionic Liquids' (DSILs) are dened as salts composed of more than two types of ions. 6 Usually DSILs are obtained by mixing two simple ILs. Insight into the relationship between the composition of DSIL and its physicochemical property has been presented for several binary IL mixtures. [11] [12] [13] As far as the melting point is concerned, the variation of the abundance of each ion could result in an IL mixture with the melting point or glass-transition temperature being much lower than its component IL.
14 For the viscosity of a DSIL, a linear or non-linear change of viscosity with the composition could be also observed.
15,16
The changes mentioned-above are usually accompanied by a compositiondependent variation of the hydrogen-bond accepting and donating abilities, which will eventually affect its interaction with the dissolved solute. 17, 18 In general, by changing the type of ion and/or the ratio of the ions, one could obtain a binary IL mixture with unique properties (e.g., melting point, viscosity, polarity, hydrogen-bond accepting and donating abilities, etc.) and tune the chemical reactions in it.
5-Hydroxymethylfurfural (HMF) is an important platform compound from which various chemicals could be derived. The use of sugar as feedstock for the preparation of HMF is one of the hotspots in the eld of biomass conversion. 19, 20 In recent years, ILs have been tried as catalysts or media for the production of HMF. SO 3 ] are frequently used for HMF production. However, both ILs are solid at room temperature, so the dehydration reaction has to be carried out at higher temperature. Higher reaction temperature usually results in byproducts (e.g., organic acids and humin) and also high energy consumption. 24 For the roomtemperature conversion of fructose to HMF, some organic molecular solvents are used to formulate deep eutectic solvents (DES) with IL to lower the reaction temperature. 25, 26 Our previous study has shown that the DES containing alcohol as hydrogen-bond donor has a negative effect on the HMF formation. The higher the polarity of the alcohol, the greater the negative effect. 25, 26 
HPLC analysis
The separation and the detection of HMF were carried out on an HPLC apparatus equipped with a Shim-pack VP-ODS C18 column (250 mm Â 4.6 mm), a Shimadzu LC-20AT pump and a Shimadzu SPD-20A detector at 283 nm. The mobile phase was a mixture of acetonitrile and water (15/85, v/v) and the ow rate was maintained at 0.8 mL min À1 . Under the present HPLC conditions, only HMF has a response to the detector with the retention time of 6.679 min. The actual concentration of HMF was obtained directly from the calibration curve (correlation coefficient is 0.999).
In situ 1 H NMR analysis
The fructose dehydration at 25 C was monitored on a Bruker O was put into the tube as external standard). Finally, the NMR tube was subsequently inserted into the chamber of the spectrometer, followed by recording the 1 H NMR spectra in xed time intervals.
Viscosity measurement
The viscosity of the binary IL mixtures was measured on a Thermo Scientic HAAKE RheoStress 6000 rheometer at 25 C.
Prior to use, the rheometer was calibrated. All data given in the report were an average of triplicate measurements.
Determination of solvatochromic parameters
Solvatochromic parameters of the probes (NA, DENA and EMCPI) in binary IL mixtures were determined based on the wavelength corresponding to the absorption maximum (l max ) of each probe, which was measured on a UV-2550 UV-Vis spectrophotometer (Shimadzu Co., Suzhou, China). The stock solutions (1 Â 10 À3 M) of the probes were all made in methanol.
The samples for UV-vis measurement were prepared as follows: First, an aliquot of a probe solution (40 mL) was pipetted into a vial; aer methanol evaporation, an aliquot of a binary IL mixture (800 mL) was added and thoroughly mixed for 24 h to form a nal solution in the binary IL mixture. The nal concentration of each probe in the solutions was 5 Â 10 À5 M. 
Results and discussion

Physicochemical properties of the binary IL mixtures
The polarity (P), hydrogen-bond donating ability (a) and hydrogen-bond accepting ability (b) of the binary IL mixtures at 25 C were determined using solvatochromic dyes as probes.
The P parameter is calculated based on eqn (1), where l max,EMCPI is the wavelength corresponding to the absorption maximum of EMCPI in the binary IL mixtures (see Table 1 ). The a and b parameters are calculated based on eqn (2)-(4), where n max,DENA and n max,NA are the wavenumbers converted based on the absorption maxima of DENA and NA in binary IL mixtures (see Table 1 ).
33,34
The derived solvatochromic parameters (p*, a and b) as well as the viscosity (h) of the binary IL mixtures are shown in Fig. 2 . It is seen that, with the increase of the mole fraction of [Bmim] Cl (x), the absorption maximum of EMCPI moves towards longer wavelength, which indicates the polarity of the binary IL mixtures decreases (the ground state of EMCPI is more polar than its excited state). As for a and b values, Fig. 2A Fig. 2B shows that it rises nonlinearly as a function of the x value. This trend could be explained using a similar rationale to that for the composition-dependent T g , i.e., the ions interaction is the major factor, the larger the force, the larger the viscosity.
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Fructose conversion into HMF in binary IL mixtures and 600 rpm. For a given amount of fructose, the HMF yield in a given time interval increases with the increase of x. Speci-cally, the HMF yield in 1.0 h varies from the lowest 24.6% to the highest 73.0%, which indicates that the composition of the binary IL mixtures affects the formation rate. Based on the physicochemical properties of the binary mixture (characterized in the previous section), we speculate that the change may be related to the viscosity and/or the hydrogen-bond donating/ accepting ability of the medium. To explore the effect of the viscosity on the formation rate, a less viscous IL mixture (x ¼ 0.33) and a more viscous IL mixture (x ¼ 0.86) were selected as media for fructose dehydration, and the HMF yield at a given time in the two media under different stirring speeds were compared (see Fig. 4 ). As shown in Fig. 4 , the formation rate of HMF under unstirred condition is low in both media. The HMF yields in 1.0 h and 5.0 h were 10.2% and 23.7% (x ¼ 0.33) and 13.0% and 19.9% (x ¼ 0.86), respectively. Relatively speaking, the increment in HMF yield in the less viscous mixture is larger than that in the more viscous mixture. This result indicates that the more viscous the binary IL mixture is, the greater the mass transfer resistance and the slower the HMF formation rate. To eliminate the mass transfer resistance, the reaction system was subjected to agitation. Under the conditions of 600 rpm and 1200 rpm, HMF yields aer 5.0 h were 45.4% and 48.9% (x ¼ 0.33) and 87.4% and 88.0% (x ¼ 0.86), respectively. Compared with that under 600 rpm, further increase of stirring speed could not enhance the HMF formation rate signicantly. It follows that without stirring, the viscosity of the media has signicant negative effect on the fructose dehydration due to the mass transfer resistance. When the mass transfer resistance was overcome by stirring, the viscosity is no longer the key factor affecting the formation rate of HMF. It is known that the interaction between ILs and reactant/ intermediates/products have effects on chemical reactions in the ILs as media. 17, [36] [37] [38] [39] Here, an attempt was made to correlate the formation rate of HMF with the hydrogen-bond donating/ accepting ability of the binary IL mixtures. To prevent the interference from the preferential solvation in the [Bmim]Clrich medium and from the negative effect of the high viscosity on the mass transfer, 17 only data over x ¼ 0.33-0.80 are used for discussion. In this region, it is found that the HMF yields at a given time (t ¼ 300 min) in different media are well correlated with the a and b values (Fig. 5) . This indicates that the change of x not only leads to a change of its physicochemical properties, but also affects the formation rate of the involved dehydration reaction.
The dehydration of fructose into HMF goes through the following basic route (see Scheme 2). Our previous study has shown that [HNMP][CH 3 SO 3 ] is helpful for the conversion of fructose into intermediates whether or not [Bmim] Cl is present; the presence of [Bmim]Cl, however can enhance the transformation of intermediates due to the formation of hydrogen bond between the Cl À and the hydroxyl involved in the a Pure ILs are solid at RT, therefore, the probe solutions in them were prepared at 80 C. 35 b The wavelength corresponding to absorption maximum of the probe in each solution was determined via the rst-order derivative transformation. 
Comparison with IL/Alcohol medium
[Bmim]Cl could interact with short-chain alcohols to form DESs, which are liquids at room temperature. The use of these DESs as media for fructose dehydration into HMF has been reported. 26 It has been found that the alcohol as HBD will compete with both fructose and intermediates to form hydrogen bonds with ILs, leading to a negative effect on fructose conversion or intermediates transformation. To compare with DESs formulated by IL/alcohol, the alcohol effect on fructose dehydration in the present binary IL mixture was investigated. As shown in Fig. 6 , the HMF yield at a given time in the binary mixture with methanol was much lower than that with DMSO (the latter was very close to that without any additive) (note: there is a dilution effect in the presence of additives). This result shows the presence of alcohol has a negative effect on HMF formation rate.
To investigate the effect of additives, in situ 1 H NMR was used to monitor the fructose dehydration process (see Fig. 7 ). In the medium with methanol, the height of signals of intermediates 1 and 2 (Scheme 2, marked as I and II, respectively) increases gradually with time and moreover, they are much higher at a given time than those of signals of HMF (labelled with C), indicating that the transformation of intermediates 1 and 2 are very slow. In the medium with DMSO, the formation and transformation of intermediates 1 and 2 are very fast due to the absence of the negative effect of methanol, so the signal of intermediate Cl was prepared, the composition-dependent physicochemical properties were characterized, the binary mixture as medium for the roomtemperature fructose dehydration into HMF was tried, and a correlation between the formation rate of HMF and the physicochemical parameters were made. It was shown that a liquidus binary IL mixture could be formed at room temperature when the ILs were subjected to heating and then cooling down to room temperature. No precipitation was observed in a week at ambient temperature. The P, a and b values of the binary IL mixtures vary in a regular way with the change of the mole fraction of the two ILs. The viscosity of the binary mixtures has an impact on the fructose dehydration but it is not the key factor when an agitation was exerted. The HMF yields at a given time in different binary IL mixtures are well correlated with the physicochemical properties (especially a and b). Under specied conditions, the present IL mixture as medium for fructose dehydration into HMF is comparable to the medium formed by ILs and alcohol, where the alcohols have negative effect on the HMF formation.
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